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Abstract

Purpose This study aimed to investigate the association between metformin usage and the risk of colorectal cancer (CRC) using
data from the Korean National Health Insurance Service—National Health Screening Cohort database.

Methods Data from the NHIS-HEALS cohort between 2002 and 2015 were longitudinally analyzed. Subjects were divided into
three groups: metformin non-users with diabetes mellitus (DM), metformin users with DM, and no DM group. CRC was defined
using the ICD-10 code (C18.0-C20.0) at the time of admission. Cox proportional hazard regression models were adopted after
stepwise adjustment for confounders to investigate the association between metformin usage and colorectal cancer risk.
Results During the follow-up period, of the total 323,430 participants, 2341 (1.33%) of the 175,495 males and 1204 (0.81%) of
the 147,935 females were newly diagnosed with CRC. The estimated cumulative incidence of CRC was significantly different
among the three groups based on Kaplan-Meier’s survival curve (p values < 0.05 in both sexes). Compared with metformin non-
users, hazard ratios (95% Cls) of metformin users and the no DM group were 0.66 (0.51-0.85) and 0.72 (0.61-0.85) in males and
0.59 (0.37-0.92) and 0.93 (0.66—1.29) in females, respectively, after being fully adjusted.

Conclusions Metformin users with diabetes appear to have a significantly lower risk of CRC compared with metformin non-
users.
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Colorectal cancer (CRC) is the third most common cancer and
the second cause of cancer deaths worldwide, accounting for
over 1.8 million new cases and about 880,000 deaths in 2018
[1]. The incidence and mortality rates due to CRC are increasing
in many low-income and middle-income countries [2]. In Korea,
malignant neoplasm accounts for one in four deaths and over
220,000 cases were newly diagnosed in 2016 [3]. The age-
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early detection. Health authorities in Korea provide a national
cancer screening program for the five most common cancer
types, which involve the stomach, liver, colorectum, breast,
and uterine cervix. Early diagnosis of CRC may contribute to
better survivor outcomes and quality of life. Some agents are
known to have a preventive effect on colorectal carcinogene-
sis. Nonsteroidal anti-inflammatory drugs (NSAIDs), includ-
ing aspirin, are drugs that have been reported in many studies
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as chemopreventive agents against CRC [4-6]. The US
Preventive Services Task Force (USPSTF) recommended
the use of low-dose aspirin for the primary prevention
of cardiovascular disease (CVD) and CRC in adults
aged 50 to 59 years [7].

Metformin is the first treatment option with lifestyle mod-
ification for type 2 diabetes mellitus (DM) management [8§].
Additionally, it has recently attracted attention as a chemopre-
ventive agent of CRC development along with aspirin or
NSAIDs [9-12]. The main action of metformin in lowering
blood glucose levels is the inhibition of gluconeogenesis in
the liver and to enhance insulin sensitivity in peripheral tissue
[13]. In addition to glycemic control, recent previous studies
have reported that it may have pleiotropic effects such as
carcinogenesis prevention and immune modulation [14-16].
Metformin may be mediated through the activation of adeno-
sine monophosphate (AMP)—activated protein kinase
(AMPK) at a molecular level [13, 16].

This study aimed to investigate the association be-
tween metformin usage and the prevalence of malignant
neoplasm of the colorectum using the Korean National
Health Insurance Service (NHIS)-National Health
Screening (NHIS-HEALS) cohort after adjusting for
age and other confounding factors including socioeco-
nomic status, health behaviors, and laboratory data.

Methods
Data source and study population

This retrospective population-based cohort study was per-
formed using the NHIS-HEALS cohort database in Korea.
The database contains information on 514,794 people, 10%
of'the 5.15 million people who are between the ages of 40 and
79 as of December 2002, and who had a health examination
between 2002 and 2003. The information included in the da-
tabase is age, sex, laboratory findings, medical records (in-
cluding diagnostic codes and prescription data), socioeconom-
ic status, death information, and health behaviors obtained
from self-reported questionnaires between 2002 and 2015. A
detailed description of the study design and methods was pub-
lished previously [17].

Figure 1 is a flowchart that shows how participants
were selected for the analysis. Because elderly partici-
pants have a higher probability of being censored due to
death or loss to follow-up during the study period, we first
excluded people over 70 years of age between 2002 and
2003 (n = 38,519). Additionally, we excluded subjects
who were diagnosed with malignant neoplasm (C00-
C97) or in situ neoplasm (D00-04, D09) based on the
10th edition of the International Classification of
Diseases [ICD-10] between 2002 and 2004 (n = 35,136),
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had a history of cancer in a self-reported questionnaire
between 2002 and 2004 (n = 1218), died between 2002
and 2004 (n = 1401), taken insulin for more than 90 days
between 2002 and 2003 (r» = 66), newly diagnosed with
diabetes between 2004 and 2015 (n = 69,985), prescribed
metformin before being diagnosed with diabetes between
2002 and 2003 (n = 1028), prescribed metformin without
a diabetes diagnosis between 2002 and 2015 (n = 2667),
prescribed metformin for less than 90 days between 2002
and 2003, but prescribed metformin for more than 90 days
between 2002 and 2015 (n = 21,167), participated in the
study for 30 days or less (n = 147), or had any missing
values for confounder variables (n = 20,030). The above
exclusion conditions were not mutually exclusive.
Applying all the exclusion conditions, 191,364 of the par-
ticipants were excluded. Overall, 323,430 were included
in the final analysis.

To examine the effect of metformin in patients with diabe-
tes, the subjects were divided into three groups according to
the diagnosis of DM and metformin usage. Metformin users
were individuals with DM who had been prescribed metfor-
min for more than 90 days between 2002 and 2003.
Metformin non-users were individuals with DM who had
been prescribed metformin for less than 90 days or never been
prescribed it during the entire study. The no DM group
consisted of individuals who had not been diagnosed with
DM and had never used anti-diabetic medication. If subjects
were prescribed metformin for less than 90 days during the
baseline period (2002—-2003) but had taken metformin for
more than 90 days during the entire study period, these cases
were excluded as they would not fall into any of the three
groups (Fig. 1). In addition, even if metformin was prescribed
for indications other than DM, individuals who meet this con-
dition were also excluded because they did not meet the
criteria for metformin users or metformin non-users (Fig. 1).

This study was approved by the Institutional Review
Board of Chungbuk National University (CBNUH-2019-
12-001) and followed the guidelines of the Declaration
of Helsinki (1975).

The operational definitions of DM and CRC

We defined an onset of DM if any of the following conditions
were satisfied: (1) the participants had diabetes (ICD-10 code:
E11-E14) and had been prescribed diabetes-related medica-
tion (insulin, sulfonylurea, metformin, thiazolidinedione,
dipeptidyl peptidase-4 inhibitor, x-glucosidase inhibitor,
sodium-glucose cotransporter-2 inhibitor, glucagon-like pep-
tide (GLP)-1 agonist, and other anti-diabetic drugs), or (2) had
a fasting blood glucose (FBG) of 126 mg/dL or higher.

In this study, the incidence of CRC was defined by
using only the main ICD code for CRC (ICD-10 code:
C18.0-C20.0) at the time of admission during 2005—
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(n = 514,794)

NHIS-HEALS random sample

Exclusion criteria (n = 38,519)

(1) who aged 70 or older as of 2003 (n=38,519)

Candidates (n = 476,275)

Exclusion criteria (n = 152,845)
(2) who were diagnosed with cancer (n = 35,136) or
(3) who answered cancer in self-reported questionnaire between 2002 and 2004 (n = 1,218) or
(4) who died between 2002 and 2004 (n = 1,401) or
(5) who had 90 or more days of insulin prescription between 2002 and 2003(n = 66) or
(6) who were newly diagnosed with diabetes between 2004 and 2015 (n = 69,985) or
(7) who were prescribed metformin before diabetes between 2002 and 2015 (n = 1,028) or
(8) who were not diagnosed with diabetes but were prescribed metformin between 2002 and 2015 (n=2,667) or
(9) who were prescribed metformin for less than 90 days between 2002 and 2003
and prescribed metformin for more than 90 days between 2002 and 2015(n = 21,167) or

(10) who total study duration is 30 days or less between 2002 and 2015 (n = 147) or
(11) who had incomplete data for the confounders (n = 20,030)

Final participants (n = 323,430)

/‘i

—

No DM (n=301,905) Metformin users (n=8,643)

Metformin non-users (n=12,882)

Fig. 1 Flowchart of inclusion and exclusion criteria

2015 to reduce the possibility of false positive diagno-
ses. To further investigate the association between met-
formin and site-specific risk for CRC (Supplementary
Table 1), we classified CRC into three groups according
to the specific anatomical site: proximal (ICD-10 code:
C18.0-C18.5), distal (ICD-10 code: C18.6-C18.7), and
rectum (ICD-10 code: C19.0-C20.0). Subjects with can-
cer of multiple sites were assigned based on their first
CRC diagnosis (Supplementary Table 1).

For the study period, the study start date for metformin
users and non-users was defined as the date when they
were initially diagnosed with DM. In the no DM group,
the first medical examination was defined as the start date.
The study end date was defined as the date when CRC
was first diagnosed. If CRC did not develop, the end date
was established using the following: when the last health
screening was done, the last outpatient visit date, the last
date of metformin intake, or date of death.

Potential confounders

In this study, we consider confounding variables to control the
risk factors associated with CRC. Variables were extracted
from the health screening records between 2002 and 2003.
We considered age, body mass index (BMI), systolic blood
pressure (SBP), glucose, total cholesterol (TC), alanine ami-
notransferase (ALT), history of hypertension, smoking status,
drinking status, physical activity, and income status as con-
founding variables. History of hypertension, smoking status,
alcohol intake, and physical activity were based on a self-
reported questionnaire. A history of hypertension was an-
swered “yes” or “no.” Smoking status was divided into those
that had never smoked and those that ever smoked.
Drinking status was categorized into the following
groups: rarely drink (rare), drink less than twice a week
(sometimes), and drink more than three times a week
(often). Physical activity was classified into three
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Table 1 Baseline characteristics
according to sex

@ Springer

Metformin non-users Metformin users No DM p value
Men
Number 9232 4886 161,377
Age, years 52.4+8.0 55077 50.4+7.8 < 0.001
BMI, kg/m’ 24.1+3.1 24.6+2.8 23.8+2.8 < 0.001
SBP, mmHg 133.4+18.6 1322+17.3 126.7 £16.7 < 0.001
Glucose, mg/dL 1494 +779 161.0 +68.9 90.5+123 <0.001
Total cholesterol, mg/dL 200.3 £47.9 197.2 £40.3 197.5 £36.0 < 0.001
ALT, IU/L 32.8 £28.8 342 +25.6 28.2+20.4 <0.001
Hypertension, N (%) 750 (8.1) 709 (14.5) 8135 (5.0) <0.001
Ever smoker, N (%) 5632 (61.0) 2695 (55.2) 93,177 (57.7) <0.001
Drinking status, N (%) < 0.001
Rare 3027 (32.8) 2057 (42.1) 55,292 (34.3)
Sometimes 4087 (44.3) 1988 (40.7) 76,502 (47.4)
Often 2118 (22.9) 841 (17.2) 29,538 (18.3)
Physical activity, N (%) < 0.001
Rare 4645 (50.3) 2098 (42.9) 77,966 (48.3)
Sometimes 3668 (39.7) 2065 (42.3) 68,871 (42.7)
Regular 919 (10.0) 723 (14.8) 14,540 (9.0)
Household income, N (%) < 0.001
Low 2304 (25.0) 1001 (20.5) 25,368 (15.7)
Middle 3394 (36.8) 1582 (32.4) 51,994 (32.2)
High 3534 (38.3) 2303 (47.1) 84,015 (52.1)
Women
Number 3650 3757 140,528
Age, years 55.8+8.3 58.0+73 51.6+8.1 <0.001
BMI, kg/m’ 245+33 252+33 23.7+3.0 <0.001
SBP, mmHg 130.9 £ 19.8 132.0+18.6 122.8 +£18.0 <0.001
Glucose, mg/dL 159.9 £ 116.6 160.4 £ 73.3 88.9+11.5 <0.001
Total cholesterol, mg/dL 210.6 £ 62.0 207.3+422 200.0 £37.5 < 0.001
ALT, IU/L 23.6+£17.7 28.5+19.7 20.1+15.6 < 0.001
Hypertension, N (%) 461 (12.6) 873 (23.2) 9750 (6.9) < 0.001
Ever smoker, N (%) 150 (4.1) 154 (4.1) 4652 (3.3) 0.001
Drinking status, N (%) < 0.001
Rare 3073 (84.2) 3400 (90.5) 114,186 (81.3)
Sometimes 503 (13.8) 313 (8.3) 23,704 (16.9)
Often 74 (2.0) 44 (1.2) 2638 (1.9)
Physical activity, N (%) < 0.001
Rare 2628 (72.0) 2318 (61.7) 92,284 (65.7)
Sometimes 689 (18.9) 884 (23.5) 35,738 (25.4)
Regular 333 (9.1) 555 (14.8) 12,506 (8.9)
Household income, N (%) < 0.001
Low 1263 (34.6) 1025 (27.3) 37,956 (27.0)
Middle 1263 (34.6) 1338 (35.6) 46,496 (33.1)
High 1124 (30.8) 1394 (37.1) 56,076 (39.9)

BMI body mass index, SBP systolic blood pressure, ALT alanine aminotransferase
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groups: never, sometimes (exercise between one and
four times a week), and regular (exercise at least five
times per week). Income status was divided into three
groups according to their monthly household income:
low (£ 30th percentile), middle (> 30th to < 70th per-
centile), and high (> 70th percentile).

Statistical analysis

Data are presented as the mean + standard error for continuous
variables and the number and percentage of participants for
categorical variables. For group comparisons, an analysis of
variance (ANOVA) and chi-squared test were used. The
Kaplan-Meier estimator was used to determine whether met-
formin use affects the development of CRC in people with
diabetes. Log-rank tests were conducted to compare the inci-
dence among the three groups. The cumulative incidence rate
was computed by subtracting the Kaplan-Meier estimates.
Cox proportional hazards regression models were used to con-
trol the risk factors and then estimate the hazard ratio of cancer
incidence. Depending on the number of confounding vari-
ables, we considered four levels of Cox proportional hazards
models: (1) Model 1, only age; (2) Model 2, age, smoking
status, drinking status, and physical activity; (3) Model 3,
BMI, SBP, ALT, TC, household income status, and history
of hypertension, in addition to variables in Model 2; and (4)
Model 4, glucose levels in addition to the variables in Model
3. All p values were two-sided, and the results were consid-
ered significant if the p value was less than 0.05. All statistical
analyses were performed using SAS enterprise guide version
7.1 (SAS Inc., Cary, NC) and R studio version 3.3.3.

(a) Men

—— Metformin non-users

= = = = Metformin users

2.5

p-value <0.001

Cumulative Incidence of Cancer (%)
0.5 1.0 5

Year

Number at risk

Metformin non-users 9,232 9,053 8,517 8,007 6,787
Metformin users 4,886 4,868 4,682 4,437 4,124
NoDM 161,377 160,098 156,440 152,196 134,965

Results

The study follow-up period was from 2002 to 2015 (median
follow-up of 12.8 years). During the follow-up period, of the
total 323,430 participants, 2341 (1.33%) of the 175,495 males
and 1204 (0.81%) of the 147,935 females were newly diag-
nosed with CRC.

Table 1 shows the baseline characteristics according to
metformin usage and DM diagnosis by sex. Metformin users
were older than non-users for both males and females.
Metformin users had higher BMI, glucose, and ALT levels
but lower total cholesterol levels. Metformin users tended to
have more hypertension. In general, metformin users were
more likely to drink less, undertake regular physical activity,
and have a higher income level.

Figure 2 demonstrates the significant difference for CRC
cumulative incidence according to metformin usage and DM
diagnosis based on a Kaplan-Meier’s survival curve.
Cumulative incidence was highest in metformin non-users in
both sexes (males p value < 0.001, females p value = 0.012).
At the end of the follow-up period, the cumulative incidence
of CRC in metformin non-users, users, and no DM were
2.07%, 1.84%, and 1.28%, respectively, in males and
1.21%, 0.91%, and 0.80% in females.

The results from the Cox proportional hazards regression
models are provided in Table 2. Compared with metformin
non-users, age-adjusted HRs (95% Cls) of metformin users
and the no DM group were 0.64 (0.50-0.83) and 0.65
(0.56-0.75) in males, and 0.59 (0.38-0.93) and 0.84 (0.62—
1.13) in females, respectively (Model 1). Model 3 demonstrat-
ed that the HRs (95% CIs) of metformin users and the no DM
group were 0.66 (0.52-0.86) and 0.69 (0.60—0.80) in males,

(b) Women
Q' 4
& © | —— Metformin non-users
<
s v, | ===~ Metformin users
=2 [ No DM
<
O < |
‘s «
o
g w | p-value =0.012
§ -
>
=2 = |
o -
2
=
S w
= S ]
£
=
O < |
T 1 1 1 1
0 3 6 9 12 15
Year
Number at risk
Metformin norrusers 3,650 3,596 3,440 3,310 3,016
Metformin users 3,757 3,745 3,637 3,494 3,335
NoDM 140,528 139,733 137,837 135,920 123,095

Fig. 2 The estimated cumulative incidence of colorectal cancer. p values were from log-rank tests
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Table 2

Cox proportional hazards regression results for overall colorectal cancer incidence

Hazard ratios
(95% confidence intervals)

Men

Women

Metformin non-users Metformin users No DM Metformin non-users Metformin users No DM
Number of event (%) 191 (2.07%) 90 (1.84%) 2060 (1.28%) 44 (1.21%) 34 (0.91%) 1126 (0.80%)
Model 1 Reference 0.64 (0.50-0.83) 0.65 (0.56-0.75) Reference 0.59 (0.38-0.93) 0.84 (0.62—1.13)
Model 2 Reference 0.67 (0.52-0.86) 0.66 (0.57-0.77) Reference 0.59 (0.38-0.93) 0.84 (0.62—-1.14)
Model 3 Reference 0.66 (0.52-0.86) 0.69 (0.60-0.80) Reference 0.58 (0.37-0.92) 0.87 (0.64-1.17)
Model 4 Reference 0.66 (0.51-0.85) 0.72 (0.61-0.85) Reference 0.59 (0.37-0.92) 0.93 (0.66-1.29)

Model 1: adjusted for age

Model 2: adjusted for smoking status, drinking status, and physical activity in addition to Model 1

Model 3: adjusted for body mass index, systolic blood pressure, past hypertension history, total cholesterol, alanine aminotransferase, and income status,

in addition to Model 2
Model 4: adjusted for glucose levels, in addition to Model 3

and 0.58 (0.37-0.92) and 0.87 (0.64—1.17) in females, respec-
tively, after adjusting for smoking status, alcohol consump-
tion, physical activity, BMI, SBP, hypertension history, TC,
ALT, and household income status. After further adjusting for
glucose levels, the HRs (95% Cls) of metformin users and the
no DM group were 0.66 (0.51-0.85) and 0.72 (0.61-0.85) in
males, and 0.59 (0.37-0.92) and 0.93 (0.66—1.29) in females,
respectively (Model 4).

In Supplementary Table 1, the colorectum was stratified
into the proximal colon, distal colon, and rectum according
to the anatomical site in a site-specific association. The adjust-
ed HRs (95% CIs) for proximal colon cancer of metformin
users and the no DM group were 0.46 (0.25-0.84) and 0.62
(0.43-0.89) in males, respectively, and were not significant
for the distal colon and rectal cancer in males. In females,
the fully adjusted HRs for all subgroups of the colorectum
were not significant.

Discussion

This study retrospectively analyzed the association between
metformin use and CRC risk using the NHIS-HEALS data,
which is representative of the Korean population. This study
showed that metformin usage in diabetic patients is associated
with a reduced risk of developing colorectal cancer. This sug-
gests that metformin use has a potential chemopreventive ef-
fect against CRC.

The global prevalence of DM in adults has increased in
recent decades [18]. Also, its prevalence in Korea was
11.1% in 2013-2015 and is continuously growing [19].
Metformin is the most commonly used drug in patients with
DM and is known to have significant benefits for diabetes-
related complications. The American Diabetes Association
(ADA) and the European Association for the Study of
Diabetes (EASD) recommends metformin as the first treat-
ment option for managing DM [8].

@ Springer

The underlying mechanism of metformin to lower blood glu-
cose levels is complex and not yet fully understood. It is known to
inhibit gluconeogenesis in the liver and enhance insulin sensitivity
in peripheral tissue [13]. Besides, it may have pleiotropic actions
beyond glycemic control through the activation of AMPK at a
molecular level [13, 16]. It has previously been reported that these
additional mechanisms of metformin may have a beneficial pre-
ventive effect on cancer development [11, 20, 21]. The insulin/
insulin-like growth factor (IGF)-1, activated when nutrients are
available, contributes to increased cell growth and proliferation
[9, 20]. Thus, metformin can reduce plasma insulin levels and
has been suggested to indirectly inhibit tumor proliferation through
the insulin-lowering effect in individuals with hyperinsulinemia.
Another important related pathway involved in cancer growth is
the AMPK pathway, which is activated when cells are starved for
carbohydrates. At the level of cell signaling, metformin activates
AMPK, and inhibits the mammalian target of rapamycin (mTOR)
pathway [9]. Since the mTOR signaling pathway is a target for
anticancer treatment [22], it is a potential direct mechanism of
metformin to prevent and reduce cancer growth through AMPK
activation and mTOR inhibition [11].

Several meta-analyses have reported that metformin usage
can reduce the overall risk of cancer development by approx-
imately 10 to 40% [23-25]. In addition to using metformin,
many other confounding factors can affect the development of
cancer. Common risk factors for cancer development in DM
patients are known to include age, obesity, insufficient phys-
ical activity, and history of smoking [21]. The diabetic group
who regularly took metformin were more likely to belong to
metformin users. Thus, metformin users are more likely to
have better health behaviors, such as healthy eating and regu-
lar exercise, than diabetic patients who do not take metformin.
In addition, metformin users may tend to undergo regular
health check-ups. These health behaviors help to lower carci-
nogenic risks and increase earlier detection of precancerous
lesions and adequate treatment, such as colon polypectomy. In
this study, metformin users were older and more obese than
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other groups but undertook regular physical activity, were less
likely to smoke, and consumed less alcohol consumption.
These compensatory health behaviors can lower the risk of
developing cancer. Although variable factors are complex in
their carcinogenic effects, metformin can have additional ben-
eficial effects on cancer prevention.

Several agents are known to have a preventive effect on
colorectal carcinogenesis. NSAIDs, including aspirin, have
been reported in many studies as chemopreventive agents
against CRC [4]. While the exact CRC prevention mechanism
of NSAIDs has not yet been established, they are known to
prevent CRC development by primarily inhibiting COX-2
[26]. The USPSTF provides a Grade B recommendation for
initiating low-dose aspirin use for the primary prevention of
cardiovascular disease (CVD) and CRC in adults aged 50 to
59 years who have a 10% or greater 10-year CVD risk [7].

Several previous studies have assessed the risk of metformin
use and CRC [27-30]. The findings of previous studies on the
association between CRC and metformin usage are not consis-
tent. The reason for different conclusions between the studies is
likely to be related to time-related biases [10, 12]. It is widely
accepted that, generally, the adenoma-carcinoma sequence ex-
plains the carcinogenesis of the colorectum [31]. The normal
mucosa of the colorectum proceeds to a malignant tumor through
the process of adenomatous polyps. This process requires various
genomic mutations, which is estimated to take more than 10
years [32]. Therefore, a sufficient study population and study
period are needed to investigate the effect of some agents on
the carcinogenesis of the colorectum. A well-designed recent
cohort study reported an inverse association between long-term
administration of metformin and CRC risk [27]. The present
study shows that metformin usage in patients with diabetes has
a beneficial preventive effect on CRC risk in comparison to
metformin non-users, and the risk reduction is as low as that of
non-diabetic patients. Further research and analysis are needed to
clarify the potential clinical benefits of metformin.

This study has several limitations to consider during inter-
pretation. Firstly, several potential confounding factors have
been adjusted for, but some residual factors could not be
completely controlled in this study, such as lifestyle and under-
lying genetic or familial factors due to the lack of information in
the NHIS-HEALS cohort data. Secondly, there is limited infor-
mation about the risk factors for CRC, such as a history of
inflammatory bowel disease and meat consumption, because
the NHIS-HEALS cohort did not provide this information.
Thirdly, since the NHIS cohort data is not linked with the
Korea Central Cancer Registry Data by the National Cancer
Center in Korea, the incidence of CRC in this study might be
inaccurate, and there is a possibility of mismatching the actual
cancer development. For this reason, colorectal cancer in this
study was defined using only the primary diagnosis at hospital-
ization to reduce the likelihood of false positives. Fourthly,
since NHIS data has only the prescription records of patients,

it was not possible to confirm that the actual metformin users
took their medicine as prescribed. Also, since the prescription
duration does not precisely match when the medicine is used,
we did not consider the duration of metformin usage. We con-
sider these points to be common limitations of retrospective
cohort studies using medical records.

Despite these limitations, this study suggests that real-
world metformin usage is associated with a reduced risk of
developing colorectal cancer over a relatively long duration.
Another strength is that the NHIS-HEALS cohort provided by
NHIS, representing the entire Korean population, is based on
real-world measurements in a clinical setting. Besides, few
studies have investigated the relationship between metformin
exposure and CRC risk in Korea.

In conclusion, metformin users with diabetes appear to
have a significantly lower risk of CRC compared with metfor-
min non-users. This finding suggests that metformin usage
could have a potential preventive effect for CRC.
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